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Description 



BACKGROUND OF THE II 



5 Raid of the fnvanlton 

[DDQ1J Ttm present Invention relates to a nonaqueouMlefAolyia secondary battery Incorporating a con electrode 
formed by IsmheHng atangatBd ooafUve end negative electrodes through separators suoh that the outermost layer is 
the positive electrode* 

10 

Related BacKnround Art 

[two?] Hitherto, secondary batteries tor electronic ap pa refuses have been nlcteUaadrnfum batlortascr lead batteries. 
The progress of the electronic technique mode In recent yesra has caused the performance of the electronic apparatus 
is to be keproved, me etza to be reduced and a portable structure to be realized. Ai a result, a requirement has arisen 
torralsa the energy density of the secondary battery for the electronic apparatus. However, there arises a problem In 
thai Uieenofo^ density of the /i Ickel 
Of low cflschanja voltages. 

[0QO3] In recant years, a nonaqueous-elecaofyta secondary battery has energeticaly been d eve lop ad and n> 
searched as a secondary battery expected lo be capable of railing the dtecharge voltage end reatemg small aetf- 
dlacharge and a long lifetime against cycfo openaJona, The noneijueoua^leclroryte secondary battery has been em- 
ployed ti piece of the nJokof<admlum battery and "the lead battery The nBnao.ueous«eJecboryte secondary battery 
incorporates a negative electrode made of a malarial, such as a carbon material, which permits dopJno/dedopIng lithium 
tons; and a positive electrode mada of a composite fthJum oxide, sucn as composite |trttfun>cnbgn odds. 

& £0004] As described above, the rKUiaquoous-elecfrc ryto secondary battery Is requfrsd to have satisfactory cheracr 
tertflUcs Including a discharge Choratf ©ftetlo under a heavy load and IrfeUme against e cycle operation, Therefore, the 
structure of the electrodes of the abCArewnentfonad nonaqiieotis^ferircr/te secondary battery has usuafly beenlbrrnad 
into a coU electrode structure ag shown Jn FIG, 1. As shown In FIG. 1 , on elongated posBrve electrode 103 Incqrporatea 
positives |e<mode^nIx layers 102e and 102b formed by applying a posttive-electrode mbc to each of me two sides of 

30 a collector 101. An elongated negative electrode 106 stmherty Incorporates riegative-eloctrode-mtx layers 105a and 
10SO formed by appiyiri^ and negative 

electrodes 1 03 and 1 06 ore wound such that a separator 107 is interposed so that a coO electrode 10a Is formed, in 
the foregoing case, internal short dreuft occurring when WWum I* deposited during a charging ope ration must be pre- 
vented. Therefore. Via width end length of the negative efedroda 100 opposite lo the positive electrode 103 usually 

*w. axe made b be larger than Those oftheposiUve electrode 103. 

[DOOfil The abovo-manUonad cofl electrode 1 08 Incorporates the neaauve electrode 106 which forms the Jhnermosl 
layer end the outermost lever. Therefore, portions, each containing non-reacted negarivoHeJecfcode active material 
which does not concern the chsnje/ttscharge, exist adjacent to the end of the outermost layer of trie negative electrode 
10B and (ha ■mermost layer of the sema. Therefore, the Inside portion of the battery cannot eflecflvery be used. As a 

40 result, these arises a problem In that the energy density cannot satisfactorily be raised. 

tOOOel To solve the above-mentioned problems, a technique has been disclosed In Japanese Patent Laid-open No, 
5-234620. As shewn In FJQ. 2, an elongated posttfve electrode 113 incorporates poslllve electrode mhr layer*. 112a 
and 112b formed by appfyfng a pc*ltrve»e2sctrc4e mix Id ooch of ttio two oktos of a ooffector 111 . An tfpnoated negative 
etectrode 116 Iricorporates negatr/e^lecr/ode-mix layers 116a and llSb formed by eppfytng a negetlve-eteorn^e-nibc 

45 to each of the two sides of a collector 114. The positive eledrotfe 113 end the negative eJectrode 1 1 0 are wound audi 
that a separator 117 Is Interposed oo that e cofl electrode 113 Is formed. The outermost layer electrode, wfth wWch 
ctttipe/diGCttBroe of the coil electrode 118 Is performed, E» made to be the posrhvB electrode 113. Moreover, a portion 
adjacent to an outermost and 113a of the positive electrode and/or a portion adjacent to an innermost end 113b to 
formed such tfutme posftrVMleotraOmtes^ 

SO .esse) Is termed on onryeMherrnalnaurfece Of th^ 

active material m the battery can be reduced. TTtub, the hslde portion of the battery Is effectively used to raise the 
energy density corTSspeneoTflly 

[0007J However, fha shove-mentioned ooV dectrode has the strudum as shown In FIG. 2 such that the oulermost 
end 116e of Ihe negative eiectrode 119 b termed by enfy the cousctor 114, A restive-electrode lead 110 Is provided 
« for tn 0 upper surface of ihe collector ii4so that a projecilon Is formed on *e upper surfaco. Also Ihe posWve efectrode 
TI3 has en outsmnst end 113a formed by only the colector Hi. if the projection exists as described above, the 
projection pierces the separator 117 disposed between the negative electrode 116 and lha posKfve eleOoce 113. 
Thus, the p/ujocuori r» undeslrabry brought Into contact with ihe coUeetorTll of Ihe pcejnJva electrode 113.K)eedl to 
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a fea thai short circuit reify rates pfaca. As a result, a percent dofmaivo b mbed and, there tore, reflabJIiiy deteriorates. 
SUMMARY QF THE INVENTION 

[0003] In vtew of the rnmgnfng. en object of the present rnveittton to to provide a nonaqimoua«leotroiyte eecendary 
battary wfdch reduce the quantity of a non-reacted active malarial lor (he negative electrode In the battery to effectively 
i use tfta Inside portion or the battery so as to raise the energy density, elongate the lifetime against a cycle operation, 
prevent a defect and improve the reUabfltty. 

[Dooq According to one aspect of the present Invention, there to provided a nonaqoaouroledrolyte secondary bat- 
tery including: a cat) electrode formed by iamtnoUng an elongated poehTve electrode which ha* a poettlve^lectrode- 
mix layer fonnedonMlaasteither of mains 

which has a negatlve^iectrode^mix layer foimad on at least either main surface* of a negath^tectrode collector and 
by wtncfing a termed laminate such that the positive electrode is positioned at oteoutarrneslpoefllon oftha cou electrode, 
wherein me posnvMlactroda-nilic feyerli formed on only either of main surfaces or the colls dor at the position adjacent 
to the outermost end of the potfthre electrode and/or the postfion adjacent to the Innermost end of the positive electrode, 
tha posltVe>efectrede-rnix layer is not formed en the poaUve-efahctnade collector at the outermost end of the positive 
electrode and only tha posnive-electrodo coffector ta formed, the negeth^eteotrode-fiiT. layer Is not formed qn the 
rteoattveMrieceode collector at the outermost end of the negative eJectrode end Only the negatWeloctrode collector 
fa. formed, and the outermost end of the negative-electrode collector positioned at the outermost end of the negative 
electrode Is. In the direction from the inner portion of the ood electrode toward the outer portion of the coll electrode 
potato ned more forwards than the outermost end of the poEitJve-elsctrode cbrtoctnr. 

P»101 The rwnaqu«Hjfi^c^oryte secondary battery according to the present Invention may have e structure thai 
the coll eladrode Incorporates a nen^ttve-eteclrade feed adjacent to an outermost end of the nogsitowrfBrfroda col- 
lector positioned at (he outermost end of the negative electrode, end the negaitve-oiectrode lead Is posirJonad more 
forwards than the outermost end of the poaflhn^ietffocte collector poelUoned at the outermost end of the positive 



moiij The rmqueous-ritecdrolyte secondary battery accordkej to the present invention may have a structure thai 
ir* icoll electrode has a structure that distance L than tha outermosi end of the negalrve-elecmxle collector positioned 
el the outermost end of the negatrve electrode to the outermost end of the posftrve-etedrooe collector positioned at 
me outemioet end of the posWve electrode whtch ere postugned fn a tore-and^ft direction from the Inner portion of 

ZZ I^T^^^: * ^ ** -** ****** °» ****** —« * - - — «— 

0<LS«(J 



IWM?I Trie nnnaoueoL^eiodroiyto Mca ndary tuflety eccoroTng to the present Invention may have a structure that 
the negaove-eleci/ode mix contains a negattve-elsctiode marartal am) a Winter. 

(J»iai The nonaquoouoHjtocJroJyte secondary battery according to the present invention may have erstruduni thai 

^T^^Z^ 1 ^ ^i'"^" 1X5X5 mah,riflJ S8tectod *™ - «n«a«n, or a crystalline mau 
niida and an amorphous metal OJode which psrmlt doptnpfdedopcig ttlMjm tons. 

£?!^.»III , !L ,1CnaaU,C<,fr * raC,ro ' yto Becnodar y toter* sanding to the praeent Invention may have a structure that 
tno f^ttvB-etettroda mbt contains a po*ii)vMr<»£fiixlH material, a enciduct*/. rrmlortal and a binder. 



pmq The nonni^j9ou*-«!»etrelsrta Mcornfa/y battery acconttTg to tne present Invention may have a structure that 
mo posttva-eloeu^da mafrrtal |i st least ona type matanel selected mam a group eonitsfinq or UMO, fwhere M /* id 
^anyqneof Co, Nt ( Mr\ Fa. At. V and Tl) and Mertayer compounds M^ttnlalnlnglJ^ ^ ( 

L^L^" "^W«»*"*««Vto secondary battery a^Ing to me present Invention may have a efrurfunTinet 
Z^^T^t^" " ° f * mBtBr,al t™*^™*^* atumkrum. 

JOtnq TTw norraq^^eetrctyta aecondary batlsry acconfing to the pn»ant Invention may have a alrudure that 
^^aS^r**- ^^^attasstc^^^.a^^a^p constslln, of c^S 

^^L^rt^Z^^T 0 '^ dary ^f" 1 ' aCC °* dlnB to ^ " "»y hava a structure thai 
^^^^^^T^J 0 ^^ fa^contaJn. a nona^oous elacrrdyte propored by dr»oMr a en eledrolyla 
kinoraguBOua ^v,m, and tha nonatpiaqu, Ktfrent la made of at taa« one rype maurtal s^otod from a 
consfaltaBof rjnwtene ortanat* ethylene cavtenate. 1. MrnBthrayethane. 1 . ^moxyot^^thX^t? 
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rbutyroiactan*. loirahydrtAirtirt, 1.3-dkwotane, 4-frtrfhyM, sultofane, m«hytaulfolw. ee- 
eienHrtlD and prop too it/lie. 

[MfcO] Tha nonxqueou^ectfofyta secondary battery according to the present Invention may have a structure inat 
the *te«ro*y«a Ig et toast one type ma ferial selected from e group ccnatatlno of UOCfe. LIAsF* UPF e> LlBF 4 , UB(C p H^, 
UCI, UBf. USOaCHj end US0 3 CF a . 

[0021] Other ofcfacts, features end edvardafles oflha Irrvsncon wffl be evident from the following detailed dotal ption 
of Lm preferred embedments described (n conjunction with the attached drawings 

BRIEF DESCRIPTION OF THE DRWINQS 

FIG. 1 1s a cross sectional vtew shovnng the alruchjre of a conventional nona^ecu^erAoJyta secondary Banery; 
FK5. 2 la a cross sectional view showing anofhar cortventtonal nonaquePiie-etoCJraJyla secondary battery; 
FIG. 3 Is e erase pactions* view showing Ihe structure of 0 nonaquaoua-alactrelyta secondary battery according 
to the present Invention; 

FIG. 4 b a cross eecUonal view lowing tha structure of the nonaqueoua-flJectroIyte secondary battery according 
to the present Invention; 

Fl G. 5 It a pcrspecttVovlew showing b portion Including a posNve^leetrode coflecloroPthe nonaqueoUfi-olootroryto 
secondary battery according to the present Invention- 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] An embodiment of the presenl Invention wffl now be deecribed wflh reference to the drawings, 

|0024] An embodiment of a nonaoucoui-eJectrolyte secondary battery according to itia present imwuion la shown 

In FIG. 3. 

(0026} The ronequeoue-etaeUrtyte secondary battery according to tfUs embodiment, aa shown In FIG. 3, Jncorpo- 
ralea p positive electrode 3 haying poalttve^leorode-mlx layers 2a and 2b formed on Oie two aJdss of a positive- 
electrode collector 1. Moreover, a negative aieetrooe 6 rnccrporeto* negetivfrelecrode-mlx (ayeis 5a and Sb Tanned 
' w on the two aidea of the negsfre-electrude collector 4. The posJflvg electrode 9 end the neg alive eJeclrode 0 era wound 
£irti ihet e separator 7 la ntteroo&ad. Tha saparator 7 u a amafi-pore fTtm made of polypropylene or polyethylene. 
Thus, e coQ electrode la formed. Thus, tnsviailng members 3 are pieced on the two van teal surfaces of the coy electrode, 
fallowed by accommodating Ihe cotl electrode having me Insulating members 8 into a battery can 9. . 
[Q026J A battery cover 10 la famed to Oie battery can 9 by crknping the bettary cover 10 through a searing gasket 
a* 11. The battery cover 10 and tne battery can 0 are etectricalty connected to ihe positive electrode 3 and tha negative 
electrode 6 respectively through e poeiUve^etaotrode lead 12 and a negatrve-otectrode lead 13. Thus, the positive 
electrode and the r*gattve electrode of Ihe bettary ere tormed. 

(0047] Note that e cwrrent-HmWng thin plete 14 serving, ea a safety unU N provided for Ihe battery according to thle 
efnbpdrnenL The posmve-electrode lead 12 Is welded to the currenHlmlffng thin plate 14 so ea to aled/toHy be con- 
<o nested to the battery cover 10 through the cunenfrfMflng (hln plate 14. 

[0026] When the pressure ki the battery having me abova-menuonad structure has bean rahod. the eurrerfeflmlllng 
Ihln plate 14 Is pushed upwards and therefore deformed. Thus, the posilive-eleotode lead 12 la out such that a portion 
welded to tha currerU-JtmUlno Ihfel plate 14 hi left As a result, the electric current Is rfmttBd. 

' (0029} A cross socuone! structure of Ihe ncnaqueous-electrcrYie secondary battery according to the present Invention 
4S Is shown In FIG. 4. In tha nonaqueous^ectroryta secondary battery according to this embodiment, tha posffivB-elec- 
trode-mfac layer 2e Is, ea shown In FIG. 4, fanned on only either mafri surface (on Ihe Inatdo) of the poalttve^lecdrode 

cDflactor 1 at a position adjacent to an outermost end 3a of tha positive electrode a andfor an hnermest end 3b of the 
same. No positive aicctrcdo-mta layer Is formed on the poaJQve^eetrode collector 1 at the autermoal end 3e of the 
poslkhre ssactrode 3. rVforeover, no'neo^djve-electr o de mt c layer Is tormed on the negatrve^lectrode collector 4 at an 
so outermost end 6a of the negative electrode e. That b, only the negative e ki ctiO de coUertof 4 la torrned altheoutBrrnost 
end Be, 

[0030] In e da-action from ihe Inner portion a! the coll eiearode 15 to die outer portion of the secpe, en outermost 
end of Hie negauVe-fllBdrode collector 4, which Is the outermoel end Ga of the negative electrode 6, Is positioned more 
forwards than the outermost end of the poertive-electnjda collector 1 Which is (he cubarrnoal end 9a of the positive 
etectrOdeS. 

J As descn'bed above, the pOs*fre^e«trode-mb< layer 2> Is formed on OrWy either main surface of the poattrve- 
elecbode collector 1 at the pOSlUon adjacent to tne outermost end 3a of the positive electrode 3 snd/or the position 
adjacent to the innerme*! end 3^ of the same. Therefore, die necessity of applying oie pcsitive^ectrodo mot to each 
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of the two sides of \ho poertfv«-«tectfDdo collector 1 can be eliminated. Therefore, h person to which |he posArva- 
elecbode*nix layer 2a is appfied must ba termed on tha main surface of the posH)V4r-e/actrotfa collector 1, as shown 
InRC3.5. 

[0032] In lha nonaquEOus-otectrolylfl secondary battery according to the present irrvantrbn, (ho noyalhre-electrode 
toad 13 Ih formed adjacent to lha outermost and of the nsgatlve-erecmla coCector 4 which Is tha outermost and Ba 
of the negative etectroda S of the cofl electrode IS. In a direction from the Inner portion of the 00D electrode IS la tha 
outer portion, the negative electrode Jaad 13 fs poarUonad mora forwards than lha outermost and of tha posrtrvMlao- 
troda co Hector 1 which is die ou (firmest and 3a of lha posBlve electrode 3. No4a that tha noiiaqueooa-etectrotyte sec- 
ondary battery according to the present frtversJon has a structure that a oosUtve elactroda lead (ml shown) of the 
poaflivB otodroda 3 Is disposed In tha inside pomon. 

(0033] An assumption win now be described which It mads about the feilowtrtg distance of a region In the coll etac- 
Iroda 1 5 of die noraquaeda^teeire^ 

bi tha tongjajdmai ctirecnan from the Inn or portion of tha con etectrode 15 toward tha outer portion of lha same. Tha 
assumption to nude that mo dfetanoa from the outermost and of tha noo&llve-eJectrode collector 4, which b Ow out- 
ermost and oa of tha rtogeGve elactroda 6, to tha outermost end Of the posnrve^lsdrods collector 1. wtikh Is the 
outermost end 3a of tha positive atecfrods 3» to L. Anouw assumption Is made that tha diameter of the coll electrode 
1 5 Is d. It Is preferable that the reJarJonshJp D < 1 s vd ts satisfied 

10034) The ncraqiieoije^ectrtriyte secondary battery according to the present Invention Incorporates the coll elac- 
troda 15. The cofl elactroda IS Is form ad by tammatlng the elongated postttve electrode 3 and the efangated negative 
electrode & wttfch are laminated through lha separator 7 such that tha outermost layer « the positive sJcctmoe 3. The 
positrve-etartrode-mte layer 2a Is formed on only either main surface of the pos!lrve~aJectrode coUeclor 1 at tha position 
adjacent 10 mo outermost end da of the posfttve electrode 3 and/or the position adjacent to tha innermost and 3b. In 
addition, no poairtve*iettrode rnbt b formed on lha pos ftfvo-atecirode collector 1 at ma outermost end 3a of me positive 
elactroda a. Only tha posllrve-etectrode conector t Is formed at lha outermost end 3a. Moreover, no negattve-alBclmrfn- 
ml* layer Is formed on ma negeilve^teolrede coiJectnr 4 at the outermost end 6b of the negative electrode 6. Onry tha 
negath/a-eloctroda cpHectcr 4 is formed at the cmterrnost and 6a. 

[D035] m the diracUon from the inner portion of the cofl electrode 15 toward tha outer portion, tha outermost end or 
the regafive-BlEicirode collector 4, which is the outermost end be of the negative afectrode 6, Is positioned more for- 
wards man lha outermost end of tha poeJth/e^octrod* coHectar 1 which Is me outermost end 3a of tha positive electrode 
3. Therefore, the quantity of a r«irw*eetfvo rieeathra-elactrcda active material in the battery can be reduced. As a 
rest*, an effective area can be enlarged oorrwporrdlrtgry In the battery. Thus, the inside portion of ma battery can 
effectively be used, causing tha energy density to be raised and me lifetime against e cycle operation to be elongated. 
IM3q The ncjnequeou^sctroJyta secondary battery according to the present Irrvanflon iiwporates the negative- 
electrode lead 13 formed adjacent to the outermost and of ma nec^tive-alegirode collector 4 which la me outermost 
and a* of the negalrvo elactroda 0. In tha direction from the Inner portion of the con electrode 15 toward the outer 
portion or me same, the negativa-ei actrode lead 13 Is positioned mora forwards man lha outermost end of the postqve- 
eledrode coUactor 1 which lathe outermost end 3a or tha positive electrode 3, Therefore, even If tha nagatrve-atectroda 
lead 13 pierces Die separator 7 disposed between the cofl otedmda 15 end ma battery can a, the negallve-electroda 
laed 13 Is brought Into contact wfm ordy lha battery can 9 which fa also the negative electrode. As e resuft, any Internal ■ 
short circuit occurs, no defect takes place end, therefore, tha raiaNiiry can be rrmtfuvad. 

J0037J in the cnU atectrode 15 of the nrao^aotia^ledfcjyie secondary battery according to the present Invention, 
me outermost end of me neflsi^eKUectrode coUacmr 4, which is the outermost end Be of the negative electrode e, end 
■the outermost end of the pos*taw*H*rode collector 1, whfch is Ihe outermcal and 3e of the posit** elsctrode 3. are 
positioned tn ma fore-and-ort dimdJon from tha Inner portion of the cofl electrode 15 toward the outer potion of me 
same. An assumption Is made lh*t me distance (rem the outermost end of the rw^irve^lectrode coUoqlar 4 to the 
^HT ^ ? .^J P<«*^l«**H> isotator 1 Is L. An other assumption Is made that tha diameter of me coll 
efecmrte 1 5 bd. in this case, It ts preferable mat the nftrUorrshlp 0 < 1 s red Is satisfied, ir the foregoing structure la 
ompJoyed, no Memal short ctrcuft occurs, ma energy density la furtHstmare raised end lha flfetime egaMsl a cycle 
operaUon can furtherrnore be elongated, 

[003a] A state wiB now be roneidarad mat ma dlstence Lfrom the outermost end of ihe negath^electrode coHecter 
4, which is the outermost end 6a of me negaaVo electrode 6. to tha rjutarrrosl end of the pnpdifi^i>^. ? rttertor 
1. whlrA fatheoutermoslond 3a 

^^^ outem « s, Bnd ^ p P^^^ro^ =^clor 1 overlaps ma outerrnost end of tr«^galfva^cd2 



^^'^^ defectfva la raised though me energy density fej not lowered. If the dlslanca L b) kmoer 
men the above -mentioned range, many portions are produced m which me negative electrode 0 and Ihe positive erec- 
™°,? a ? ™ ffP 6 * 110 to each other. Thennora: the energy density is undesirably lowered though me percentage 



dafscUvobnotlovrared. 
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[0040] The posltrvo electrode 3 and the negative electrode 8 »ocort^ to l^prosenl Invention haw th»abova- 
mocdkmBd sinictisas. Tho mix layers find collectore faf <sonit»UBng the positive electrode 3 end lha nagabvg electrode 
6 may be known rnatariais. 

[0041] The poettvBHHBrtrodB^mi* layer* 2a and 2b eonteln a peatfrB-electnxte material, which permits lithium Ions 
a to be dcpexVdedoped. b conductive materiel and a binder. 

[Q042] H l9 preferable thai the pcnfUve* electrode material contains J In a BufOdently large qusnUty. For wampb, it 

Is preferable thai to employ a composite metal oxide expressed by uMOj (where M Is at teesJ one type of a material 

selected from b group consisting of Co, Nl, Mn, Fa. AJ. V and TT) end ccrnposod of U and a tmnnJtion mate* or an 

brterfayer compound containing LL 
to {0043] The conductrve materia) tor Imparting conductivity to the positive eSacfrode end the binder for causing the 

DDsaiva-eleetroda malarial to be held by the pcettlva^tectrode coflector may be known matariala. 
' [00441 The conductive material may be graphite or carbon black, while lha binder may be fluorine resin, such as 

polyvinyl Weno fluoride. 

[0046] Trie rwcjatfve-etectrode-mU layers 5a end 5b conuen the nsgauve^droda matarlal which permits lithium 

f* lona to be dopedVdedapad H nd a blador. 

[6046] The negat i ve e lm, ii i ido material may be a carbon rneterfal. The carbon matertBl fa e*BmpMed by pyroegrbon. 
coke (pooh coke, needle coke end petroleum coke), grephfte, vttreow carbon, e calcine tad onjanlc pqjymer compound 
(a malarial obtained by caJdnaUng phenol resin, bran resin or the IBee), carbon fiber and active carbon. The negauVe- 
elaclrode material may be cryctaflln* mataJ oxide or amorphous mate) oxide which permits lithium torts to be doped/ 

29 . dedoped, OS wal as the foregoing carbon malarial 

[0047] " The binder for causing tha nagairvB-elBctnidB nstHrtai to be held by the negattva-elBctrodB col actor may be 
e known material. For example, the binder may be fluorine resin, such as poJyvlnyflden© fluoride. 
[D0463 Tha battery according to lha praaant mvenuon contains a known nonaqueous efactroryte In which en electro- 
lyte Is dbsofvad En nonaqueous solvent, such as organic servant 

» [0049] Tha organic solvent Is not (frilled particularly. The organic advent la exemplified by propylene carbonate, 
ethylene carbonate, 1 , 24Imethoxyemarte 1, 2-di'm«thoxy*tha ne. 1, 2-dltthoxyelhane, diethyl carbenate*i*utyitilac- 
tona, teaahydrofUrah. 1,3-dtoxolarie, 4-matrryi-l, ^-dtaxoJana, dtethyt ether, eutfcJene, mettxytBuMotane. acetonitrlte and 
proptenrirfle. Any one of the foregoing material may be employed or a mtrture of mo same may be employed a? mixed 



[0060] Tno efactroryte b not Dmiiad pertfeuteriy. The electrolyte la evempttfTed by UCI0 4 . UAsF B , LCPf B , UBF^ LiB 
(CbH^, UCI, UBr. USOjCHj and USOaCr> 

10051] The materiel of the separator 7 is not limited parocu tarty. Tha malarial Is exemplified by woven fabric, unwoven 
fabric or smas-pora Em made of synthetic resin. In particular, tha srnal-pore film me da of synthetic reeJn la a preferred 
malarial. Moreover, a pclyoJeime tmaQ-pcre mm la a profaned materiel h viewpoints of reaBzfng a required thkAnees, 
sirangin of tha formed ram and resistance or the film. Specifics I y, the Mtawjng materials may ba employed: a smeJI- 
pore tarn made of potyotrtyiene or polypropylene or a small-pore Abe made of a mixture of iha foregoing materials, 
roosz] . Tha shape or the collector of tha electrode is not limited particularly. A fofl structure, a mesh Mrudm or a net 
afauchjn) mede or expend metal may be employed. It la preferable that (he posIUvo-etedroda coUedar i Is made of, 
lor example, aluminum, stainless steel or nicker. U is preferable lhat the negatrve^elecirode collector 4 ts made of. for 
exampiot copper, stainless steel or nldoal. 

[0053] The battery can 9 may be made of Iron, nickel stainless steal or alummum. If elect ro c hem ical corrosion occur* 
In tr» nonaqueous electrolyte containing the alwve-rnentloned material during the operaBon of iha battery, plating may 
be performed. 



rooa-q Examples of the present hvandon wfil now be described with results of experiments. 



Sample 1 

[00353 mltblly, the negative electrode was manufactured &9 Wlowe, 

£0050] Petroleum pilch was em ploy ad aa a darting material, followed by calcinating tha petroleum pooh 90 that 
coarse pitch coke was obtained. The coarse pftch coke was pulverized so that powder having an average parUcte stee 
d 40 pm was obtained. Tha a Iha attained powder was calcinated In an Inactive gas at 1QDO*C to remove Impurities. 
The*, cafes powder was obtained. 

pD57) Tnert, SO parte by weight of rhoa-ct lalned coke powder, serving aa a carrier for nagaihn^ectrode active 
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material, ind 10 parts by weight or poryvlrrytldenB fluoride (PVDF) serving ea a bmdar ware mixed. Thus, a negative- 
otectrtJdB mix wa& prepared, followed by dispereifyfl (he negaftve-electjods mbc in tUfrnttyipyrottdorm which earvee as 
solvent. As * result* negalhro^lpgtrwle mix slurry was obtained. The negalh^dectrode mix slurry wa$ Applied to the 
two sldaa of e riegalrve-eJeclrods collector in the farm of copper totl having a thickness of 10 urn. Than, the spotted 

* sofvenl was dried* The hsOdfive-electrDdo cotf eetor wee cornpreaslon-inofded with a roller pressing machine. As a 
remia, en eJongaled ncgauVs electrode wm obtained which had a width of 41£ mm and a length of 2$0 mm. The 

a thickness of the nep^ttvB^lectroeVmk layer on each side of (he negatrveHiJecfrode collector was 105 urn. The neg- 
attve-efectrocfc-moc layer was not formed on the fwgatrve^eteclroda collector of the negattva electrode at Ihe outermost 
end, A portion formed by only the nefietive^electixxie collector was crested- 

*0 [0056] On the otter hand, tha posluve electrode wa* manufactured as foSowa. 

[OOSaj Thai b. 0.05 mute of rrmlurn carbonate and 1 mob of cobalt carbonate ware mixed with each other, and then 
tha mbc was calcinated at 000-C In air for 5 hours. Thus, UCoOj was obtained. 

100*0] Then, obtained fJCoq* was used as a pc48ve»ctadrodo active material iuch that 91 parts by weight of 
LIGoO^, 6 parts by weight of graphite serving as a conductive material and 3 para by weight of poryvfnyfldene fluoride 

13 (PVDF) serving as a binder were mixed with each other. Thus; o poslth/e^iectrude mbc was prepared. Then, the ob- 
tained poattrvMledrode mbc was drEperved In N^netrrytpvvpfldone so that posnrve-sifiEdmde rrxx slurry was obtained. 
The posttfve electrode mb? elurry was applied toe region of only aimer bUb of a poeltrvMleoirodo collector made of 
elongated erumlnum tor having a thickness of 20 um, tha region having a length of 247 mm. Than, tha pos iifre-electrode 
mbc tinny was dried. Then. pcaravMlacfaode mbc slurry was applied to the other main surface of Ihe pcsltrve-ekietrode 

20 ■ coUector m a region having a length of 167 mm such that a position at which Ihe application was started wss madB 
coincide with Che above^nttoned posrtrVMlactroda mix slurry. Then, Ihe poatoVe-eJectrode mix slurry was dried, 
fMowed by compressing the two bxJos of the posttfw^tectodq collector with a roll to cornprosslorwridid are postuvo- 
electrode collector, Thu*. en etongaied poatuve electrode wag Obtained which had a width or 305 mm. Tha poalth/e 
electrode Incorporated a portion having two ajdae on each of which the posluve-elecirode-mU layer was formed, the 

2S poraon having a length of 167 mm. A portion of the positive electrode, on either aide of which tha poalrfw^lectrode- 
mix layer was formed , had a length of 60 mm. The thteKness of each of Ihe puhhra^lactrotfft-rniY layers was BO urn. 
The posahro efadrgde had crirouterrnoctend and ino Iririmmost end each Incorporating a ponton In which the pocftrvo- 
atec4n3do-fnfc( layer was not formed and In Which only tha posfflvs-atoclradB coflector was formed. 
I00ft1) The thuwnamirwtvrad elongated positive eJedreda and the negative elactroda and two separata™, each of 

m whlchhadamkJoi*5sof25^ 

ware laminated. The tomJnata had four layers formed by sequentially lammaUrtg tha negative electrode, tha separator, 
the positive electrode end the separator In Ihfs sequential order. The laminate wea (ertfhwtoa wound pfuraj timaa. 
Thus, a aplml ehape wee twinad w^ 

collecfor nod the postSve^lectrode-mtx layer was first wound and the negative electrode was placed Inside. The and 
ss of me outermost separator was secured with a tape. Thus, a oof etectred* was manufactured. The negaOVe electrode 
of the coD electrode was ton^ 

of the coe electrode toward the outer porUCA tha outermost and of the negative electrode collector which was tha 
outermost end of ma negative electrode was. as a matter of course, panned mora forwards than tha outermost and 
of tha posfthre electrode collector which was ma outermost and of tha positive electrode 
«0 [Mfi*j The outer Remoter of the cca elector was 1 3 mm. while the Inner diameter of a hollow portion farmed In the 
central portion of Ihe coU collector was 3.6 mm. Tha outermost end of the hepeuve-* lectrocto co&sctor which was the 
outermost end of the negative etecvods and ihe eutarrnoat end of the posHWeJectrode oaJtector which was the out- 
ermost end of the poBiave electrode were positioned apart from each other In tha forw-ahd^ft cflracoon for dfadsno* L 
wraoTi waa35mm. 

« toTOJ In Ihli •irtbodlmani, the neg^e^fecirode lead wag positioned at the wlermait end of the negative elactrcde. 

while ihe poidttva^laclmde lead was positioned at the Innerrhoa t end of the posbhra eledrode. 

V 0 ! 41 t JP* thits^rurfactured coif efectroda was accommodated In an iron battery can applied wfth nkket plaHng. 

An Insulating plate was placed on each of tha upper and lower sUea of the cdl electrode. The posrlfva^lectmda lead 

was cennactad to Ihe battery cover by weJdlng, whle the negatrve^fadrede lead was connected to ihe battery can by 
» welding. J J 

COO051 Then, B nonaqueous ataeveryta was prepared by cteoMrtg. at a concentration of 1 moleVIKer. LrPF- in a 
mkBd solvent whfoh rxmaalned prooyfene carbonata and diethyl carbonate bi 1ha same quanQaas. Then, 3,0 g of tha 
nonaqueous eledrotyt* was injected Into Via battacy can so aa to be snpregnaled kno the coll electrode. Then, lha 

, t*^™**"* c^PWl Ihrough an Bwutateng coaling gaakel applied wffll asphall so that the battery coverwaa racunsd. 

w Thus, the herrrraacfly ^ th« bsttsry wae mamtalnad, 

pjOael Thus, a cylindrical ncrtaqufitxjs^cttoryte aecond^ry battery (having a dlamatBr of 14 mm end a helgm Of 
50 mm} was manufactured. The foregoing cylindrical nonaquo wa^teciralyie secondary batlary was cafled Sample 1 
for convenience. " 
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Samples 2. 3.41ns. 11 and 12 

[BOOT] cyttndrtesl ncnaqueou>^eclroryta secondary beltanes were maiuufecwrod by a method similar to *ha! far 
marwfecbirir^ sample 1 e*cept tor a structure in which the distance from the ouiarmoat end of the nag a tfvc efedrode 
to the outsfmost end of no posWve etectroda which was varta* aa shown In TaMe 1. The foregoing secondary battarias 
warn cafiod Sample* 4 to e, 1 1 end 12. To pafform comparisons. cyGnrfricai nonaqueous^adroJyte secondary batteries 
were rnanulactured by a rrathod simitar to that for manufacturing Sample 1- In this cbbb, as shewn In labia 1 . the 
cyJIndrft^l nonaqueous-electrplyia aacondary batteries ware different from Sample 1 as follows: the distance torn the 
outermost and of the neoallva electrode and the outermost and of the posllfva etedrode wee - 2 mm; the positive- 
etectr^e collector ovariappedtfwnege^ 

end of the negative electrode to the outermost and of the poiltfve electrode was 0 mm: and the end of the negaBva- 
etectrode collector and the end of the posttNe-etecfroda collector coincided with each other In fro outermost portion. 
The foregOJno oompereiVo samplae were called Samples 2 and 9 for convenience. SampJe* 4 to Q 4 11, 12, 2 and 3 
were atnidiirod eucfi that ins outer diameter of the cou elactrDda was made to be 13 mm by eo>B«ng tha lengths of 
the pesitNa-alactrodBHnlx layers formed on tha two sides of the positive electrode and the lengths of the negatlve- 
eJectrode-mlx layers fcrmad on the two sides of the negative electrode. 



so 



Tabic I 





Length of 
PositivevElectrode- 
Mix Layer Formed 
on Either Side of 
Positive Electrode 
at Innermost End 

of Positive 
Electrode (mm) 


Length of 
Positive-EJecirode- 
Mfr Layer Formed 
on Either Side of 
Positive Electrode 
at Outermost End 

of Positive 
Electrode (mm) 


Length of 
Positfve-Elecirode 

-Mix Layers 
Formed on Two 
Sides of Positive 
! Electrode • 
(mm) 


Sample 1 


SO 


0 


167 


Sample 2 


80 


0 


167 


Sample 3 


SO 


0 


167 


Sample 4 


60 


0 


182 


Sample 5 


40 


0 


197 


Sample 6 


20 


0 


201 


Sample 7 ' 


0 


5 


205 


Sample 8 


0 


15. 


202 


Sample 9 


0 


50 


176 1 



so 
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Sample 10 


40 


10 


194 


Sample 11 


60 


0 


179 


Sample 12 


60 


0 


177 


Sample 13 


60 


0 


17<S 


Sample 14 


395 




0 


Sample 15 


395 




0 





L£ngin or 
Negative-Electrode 
-Mix Layers 
Formed on Two 
Sides of Negative 
Electrode 
(mm) 


Lengin or 
Negative-Electrode 

-Mix Layers 
Formed on Either 
Side of Negative 
Electrode 
(mm) 


Distance from 
Outermost End of 
Negative 
Electrode to 
Outermost End of 
Positive Electrode 
(mm) 


Sample I 


ISO 


0 


35 : 


Sample 2 


250 


0 


-2 


Sample 3 


250 


0 , 


0 


Sample 4 


245 


0 


15 


Sample 5 


240 


0 


id 


Sample 6 


224 


0 


17 


Sample 7 


215 


0 


53 


Sample 3 


220 


0 


35 


Sample 9 


229 


0 


50 


Sample 10 


247 


0 


5 


Sample 11 


243 


0 


27 


Sample 12 


241 


0 


38 



«5 
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Sample 13 


239 


0 


43 


Sample 14 


0 


39S 


35 


Sample 15 


0 


39S 


0 





£necgy Density 
i Ratio (%) 


Percent 
Defective (%) \ 


. Sample 1 


100.0 


3 


Sample 2 


100,0 


. 20 


Sample 3 


100.0 


IS 


Sample 4 


. 102.4 


3 


Sample 5 


104.8 


1 • 


Sample 6 


101.9 


1 


Sample 7 


100-2 


2 


Sample 3 


101.2 


2 


Sample 9 


97.1 


. 1 


Sample 10 


105.S 


6 


Sample 1 1 


101.0 


1 


Sample 12 


100.0 


2 


Sample 13 


99.5 


3 


Sample 14 


95,0 


2 


Sample 15 


95.0 


20 



<* Samples 7 to 9 t 

. [COGS] Processes slmBartolhBtltarmBnulMurTnQ Sample 1 warn portbm^axcaptftf ssiieturafiinwhldi Ihepe^- 
mve-alactrodB-ff^K layer wis formed on only either side adjacent tQ the lnnannosl end of Che RO*U*ve electrode. More- 
over, (he distance from thi outermost end of the negative electrode to the outermost end of the positive electrode was 
m varied as shown In Table 1* Thus, cyflnOffcal nonaqiieous-electroryta secondary betlertee were manufacaaed. The 
thus^anufarfiral cyindrtcal nonaqu eeus-aisctroJyte secondary bertenea were called Samples 7 to 91br convenience- 
Samples 7 to 9 were structured such thai the outer diameter of the cod electrode was made to be 13 mm by adjusting 
the lengths of His po*Wve-«fea/wfci-rnlx layers formed on Che two sides of the poatttva Bterfnjde and fee lengths or 
the r*e^e*^a<actrode-fnlx layanj formed on the two sides of the motive BJactrode. 

06 

Sample 10 

rnqs*] a cylindrical ncsnaqu»c4ie^ciroiyte secondary battary wee manitfaetured by a method similar b tfmtfor 



10 



PAGE 21/34 » RCVD AT 91312008 7:07:24 PM [Eastern Daylight Time] ■ SVR:USPTO-EF XRF-6/2 * DNIS:2738300 ' CSID:8188332065 1 DURATION (mm-ss):05-02 



09/03/2008 15:09 FAX 8188332065 



QUALLION LEGAL 



* PTO 



© 022/034 



EP 0 942 484 B1 

manufacturing Sample 1 except for structures in which the patfflvG-eJeclrod«wn£c layer was formed on only either Side 
ai positions adjacent to the innermost and outermost ends c f the poslUve etectrcdt. Moreover. Ihe dfetanca from Hie 
outermost and of the negative electrode to the outermost end of the positive electrode was verted as shown in Tsbte 
1. The trine-manufactured cylindrical rDnaqpeous-^Jeclroryto secondary battery was catted Sample 10 for convenience, 
5 Sample 10 was siroctured audi that the outer Oamatar of (he coll electrode was made to be 13 mm by adjusting the 
tennlhs of Iho pos)t)va-alactrede>inb layers formed on the two sides of the poeahre electrode. 

Sample 14 and IS 

fe hOTo] Cyiindrfcai nonaqueoua-elsdraryta secondary potteries were manufactured by a method similar to that for 
manufacturing Sample 1 except for structures In which the poeiUve-etectn^a-nibt layer was formed on the overaU 
lencrth of only either aide or the positive electrode and the negative electrode. Moreover, lha distance from the outermost 
and or the negative electrode to the outermost end of (ha posllrvs electrode waa varied bo shown In labia 1 . Tha thus- 
■nanerectured cyandrfcaJ nc^quoouB^ioctrofyia secondary battariea were called Samples 14 end 1 5 tor ccrrvenlenoo. 

T * Sample 14 and 15 were structured such thai the outer diameter of thecofl eJecfroda was made to be 13 mm by aojusDng 
the langlhs of the posltWetactrode^mtx layer* formed OH the two Bides of Iho positive dCCtTOdc. 

Evaluation Ot Sampled 

9Q (0071) Each or samples 1 to IS was charged for 8 hours at a cnarctng voltage of 4.20 V with a charging current of 
300 rrwX. and than the foregoing samples wars, with a load or 600 mA. discharged to 2.75 V. Thus, tha energy densities 
were measured. Assuming thai the result of Sample 3 was 100. tha anarey densities of (he sample battarlea with 
respect to 1 op were obtained. Also results were shown In Table 1, Moreover, a percentage defective of each battery 
was obtained and also results were shown in Table 1. 

25 9* I0072J Compansora were performed by using results shown In Table 1 among Samples 2, 3 and is and samples 1. 
4 to 14 according to Iho present InvenUpn, Samples 2. 3 end 15 were structured such that tha distance from (ha 
outerm ost and of ma negative electrode to the outermost and of tha positive electrode was - z ram. Therefore, tha 
posftrreHetactrode collector overlapped the nee atrve^lsttroda collector In Ihe outermost portion. As an alternative to 
this, the distance from tha ouiarmost end of tha negative da a rode to tha outermost end of tha positive electrode wa* 

*o 0 mm. Therefore, the end of the neoaflve^eefcoda coll odor and the end of the costiive^ tectrode effector comcMed 
with each other In the outermost portion, Samples 1, 4 to 14 according to the presort Invention ware manufactured 
such ihalthe outarmost and of the negatfve-etectnxJe collector wWch wee (he oulefmost end of the iwgaUve electrode 
was, In a direction from the bine/ portion of (ha call electrode toward tha outer portion of the same; posakuiad more 
forwards (hen Ihe outermost end of (he pcsflrv^ledroda collector which waa Ihe outermost and of Iho positive elac* 
(rode. As a reaultof the comperisone, the samples according to the present invention enabled the percentage defective 
to considerably bo reduced without reduction k) tha energy density. 

[00*3] Samples 1 and 4 to 14 according to the present Invention were structured such that the outermost end of tha 
ner^ve^ectroda collector which was the ouiarmost end of the negative electrode wee. In a direction from the Inner 
portion of the coll eJecirode toward the outer portion of (he earns, positioned more forwards than the outermost end of 
40 posltlve-rteetrode coJlectorwhlch waa the outermost end of the positive electrode. Samples 1 P 4 to 0 and 10 to 14 
among the foregoing samples 1 and 4 to 14 were ifcictured such that (he distance L from the otifemWend of I 



a collector wNch was Iho outermost end of (he negative etecbrnJe toth* outermost end of the posftive- 
electroda coflednr wnlcti was the CHrtermost end of [he positive electrode satisfied 0 < L s «i on an assumotkiri that 



_ _ an assumption that 

the diameter of the con electrode wasd-Sarnpfe OdTd not safety (he ab<rve^aruToned refettenshlp. Whan the foregoing 
aamples were compared with one another. Sample 9 erxrantared somewhat reduction h the eneroy density * 
[0074] Sample* H and 15. having the electrode mix layer formed on only either side of each of the collectors of both 
of the positive efectrode and the negative electrode, were subjected to e comparison. When the electrode m tx layer 
waa formed on only eMher side of the eofleef or. Sample 14 according la tha preseni invention enabled the percentage 
defective to ccflsUaraery be reduced Without reduction In tha energy density On the other hand. Sample 15 to which 
tfje preseni Invention is not spotted encountered a high percentage defective. 

10075] As can be understood trem me above-mentioned results, trrertucajra of the present nvantion *i which (he 
Btongaled positive end negative electrodes ware laminated through separators, followed tiy winding a larrtnala such 
thai the poellrve elect/ode rorme the outermost layer so that a coll aJaasrede b formed. Moreover, ihepoei^e^lectroda. 
rnixlayarterormBd»criryenhw 

efe^roe^anoTbrBposlto anAAllhewierrriosteridoftha (heposftfve- 

erectiode-mbc layer b not formed on the positrv^ecirode collector, (hat (s. only the pMrnv^etoriroda collector h 



°£22^. Ul,d ° 1 th8 nBcatlv * r»egaaW^ectrode collector la not formed on tha negative- 

Biectrode ODHedon thai la, onry the negative-etectrode cot actor b formed. In the ejection from (he Inner portion of the 
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cofl electrode toward tht outer porflon of the same, the outermost end of the rwgattm^ftctredg coaector. whlchbthe 
outermost end of the negative electrode. Is poslboned mm forvrards Iran tha outermost wd of the positive-electrode 
collector which ta Ihe outermost end of me posftrve electrode Thus, norvfoacted actrve material for the negative elec- 
trode in the battery con be reduced: Thus, an effective ores oan be enlarged In (he battery correspondingly. Therefore, 
a tha tnstte portion of the battery can effectively bo used, causing the energy density to be rateed. Thus, ctonoaUon of 
Bfetrrne against cyde ooeruuens was cc<rfrrrted. 

roorej In the preaent InvonUon. mo negsth**tfec*ode feed to tntrnad adjacent to the outermost art of (he negsUve- 
etoctmde collector which h the outermost end of trie negative elected*. In the diracnen from the toner portion at the 
cofl electrode toward Ihe outer portion of tha came, Iho negath^etectrode load Is posJflonad mere forwards than tha 

io outerrnDEt end of the posBve-eiactrode coQoctor which la the outermost end of Ihe ooehhre electrode. Thus, even If 
the negetrve^ocbiidB lead pierces the separator disposed between Ihe colt electrode and the battery can. the negative, 
electrode lead to brought In to contact with only Ihe battery can which to tha same negative etectroda. Therefore. Internal 
short circuit does not take place and. therefore, any detect occurs. Thus, the reflaWWy can be Improved. 
PHOT] In the pnwent bwenflon. the outermost end of tha pegatfre^setrode consoler, wmcn to the outermost end of 

f 5 the negative aractrode. and the outermost end of the poslttve-etectroda collector, which is the outermost end ef ihe 
poaltfvB criactrode, are pppJ fora-ano^aft In the distance from the Inner portion of the coil electrode toward the 
outer portion of the seme. Assuming Ihat the dTstence from the outermost end of the neg^irve^edrode coDector to 
the outermost end or the |»sltrve^lectrode ccUectoi Is Lend the diameter of the coll electrode Is d. the) ra/ntianswp o 
. < L £ xd (s satlafled. Thus, the energy density can furthermore be raised and Ihe IKetfrne against the cycle operation 

20 can furthermore be elongated. 

(0076] The diameter of the cyHndricaJ rtonoquaaija^actroryte secondary battery wee Varied to id mm end 20 mm 
to evaluate each of the manufactured cylindrical nonaqueoua^ectnsryte BBcondary batteries. Thus, elrnOar lend enclea 
to those shown wtth the abova^sntionad samples were shown, . 

10079] An alfipUcai oo3 electrode was manufacturod as the cofl electrode so that a norwweooe^tectroryta secondary 
n battery which was e rectangular hattery having, a thteknes* of 0 mm, a width of 34 mm and a height of 4*. mm wee 
manufaclured so as to be evaluated. The outermost end of the nagatrve^eotrode collector which was me outermost 
end of the negative electrode was positioned more forwards than the outermost end of trie pes tuve-e tecvode coiecter 
whfch wee the outermost end of the positive efecaoda. Tha distance from the outermost end of the rwa^fWo^lectroce 
collector positioned at the outermost end of the neganve electrode to the outermost end of the coshrve^lectrode cc+- 
» lactor poWtfoned at the outermost end of the postfva electrode which were posWoned tbre-endnaft waa not long or than 
the circumference. In ihfa case, reduction of tha percentage defective was enabled wanout reduction In the energy 
density. 

|00aQ] As described above, the nonaqueous^toctroryto Bacendery battery according to the present Invention Incor- 
porates: s cod electrode formed by laminating an elongated posftrve electrode end an etangatad negative electrode 

35 through a eeparvior and by winding a formed lemmata such that tha positive electrode to poelUoned at the outermost 
position, wherein the pes Wvo^tectrode-mbt layer to termed on only aimer mom surface of the collector at the position 
adjacent to (ho otflerrnost end of the posKrva electrode end/or (he poelUon adjacent to tha Innermost end, the posfuva- 
•tectrodernlx layer is not formed on tha poaluve-elecirodB collector at the outermost end of Ihe positive eleclrodo and 
ordy the pcelfr electrode colector to formed, the negmTvo^tectroda-mfc tayar b not formed on the nogdWe^iacirode 

•w co8octcr at the outermost end of the negative efecfrode end only the riegalrva-electrode coOector fe farmed, end tha 
outermost and of the negaove^laclrode collector positioned at the outermost end of the negative efachoda la, in the 
direction from me biner portion of dia.col) electrode toward the outer portion of the same, positioned mora forwards 
than the outermost end of the posJmw^iectrode colector. Therefore, the non-reacted ecfive material r or the negafiwe 
ri«trode In the brttery can b& reduced. Thus, the etactfve betiery area can be enlarged correspondingly. Tharofcrc. 

*s Oia traitfe porbon of Ihe battery can eftecflvary ba usad, causing tho eneryy den«l*y to tm rataed andtho llfellme egebi^t 
a cycle operation to be etongated. 

[M&1] . The narttqueouMledrofyte secondery battery according to the prasanl bwentlcn bicorporatea (ha nagaUve- 
aJactrode lead formed adjacent to the outermost end of the nenafre^drode ooO actor poaiUoned at tha oularmoat 
and of tha negative electrode and tha nayatfre electrons COSSCtor Is, En Che direction from mo Inner portion of tha col 
so Htechoda lowonj the outer portion of tha same, positioned more forwards than the outermost end of the posrttvo- 
alaciroda colleclor. Thus, even If tha rajgabSm^lactroda lead pierce* tha separator dbposed between the coil slsctrode 
and the battery can, the nagatira-alechode lead to brought into Contact with only the battery can Which Ea also the 
negative etoc&ode. Therefore, internal short circuit can be prevented, any defect can be prevented, and the reliability 
can be Improved. 

« [0082] The coSJ electrode of the norapueous^^tectrolyto e^condary battery according 10 the praart invention [a etru> 
aired such that the distance L from the c*rtermoot end of the negBeve o l o cecde coWector posiHoned at the outermost 
end or the negative electrode to tha outermost end ot tha poshlvMtectrode coJteetor positioned at the outermost end 
of the positive electrode whtoh are posOoned fore en d^aft In the tfracdon from the Inner portion of tha ecu electrode 
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toward lha ouler portion of the same wrttaTwa O « L S ml on an assumption that the d 1b mater of the oofl Blsdrode (s d. 
thus, internal snort circuit can be prevented, the energy d amity can furthermore be raised and the ttfafime against a 
cycle operation can furtharmoro bo elongated* 

[0089] Although tha invention has teen dase/roed In Its pie fp nn d rqnn and structure vWDi e Certain degree of partip- 
* ula/tfy, Hts understood that Ihs present disclosure of the preflarred form can ba changed In tha eetafls of CMuaructton 
. and in tha cambmatton and B^anoamant of parts without departing from lha scope of lha Invention as hereinafter 
dafmad. 



1. A nonaqtwous-eteetrrfytfl uecnndery battery comprising: 

a co* eistirode formed by laminating an elongated positive electrode which has a posJSv*eJ8Cfloda*mJx layer 
« - termed on at least either of main surfaces of a poslttve-etectrods collector and an atonpatad naflaPva otactrodo 

which has a nagsUva-alactroda-mbe layer formed on at least either rneln surfaces of a negatrve-^Jectrode 
collector and by winding a formed laminate such thai said positive atactroda la posl Boned al lha outermost 
poaMian of oa id ecU electrode, wherein 

said positNe^iBctrode-mlx layer Is formed on only eliher ot mabi surfaces of saJd collector al the position 
30 adjacent to lha outermost and of said positive electrode ancVor lha posltton adjacent to the Innermost and of 

said positive electrode, said posttrvendacirode-mlx layer Is not formed on saJd posfflva-aJactrode coUector at 
tha outermost and of said oosllfv© efectrodo and only said pcmHrve-eiedroda colfador Is formed, 
said rteoaU ve -e t a ca oda- m bt layer ts not termed on said neo^trva^lactrode ccJector at the outermost End of 
eaaj negative electrode and only said rtegaflve-etectrode cotector Is termed, end 
*S the outermost end at said neaatrve-elecftde collector positioned at tha outermost and afseid negative eiec- 

irodobi, in ITi© direct fit™ the Irorportto or said coti eJectrodn Wrird the outer portion or taJdcofl efeo- 
trode, positioned mm forwards than tha outermost and of said posJlhMlecfcoda collector. 

i secondary battery according to claim 1, wherein 

J incorporates a neiwUVe-efsctroda lead adjacent lo an outermost end of aald negalfve- 
otedrode col teeter peaJUcnod at the outermost end of said negative electrode, and 
said nagattve-aTectroda load la positioned mora forwards then the outermost end of said poaQrVe-efectrods 
coftector positioned & me cwtermost end of said poemve electrode. 

A nonaq ueo i in- o JectrglytB secondary battery according to dam 1 , wherein 

said coy at actrode has a structure that distance L rrom the outermost and of said negaUva-atectrods coUector 
positioned at tha outarmost and of said negative electrode to the outermost and erf seW poettve-etecttode coUector 
poaMoned at tne Outermost end of saw pceWve electrode vwhkih positioned fr> a fore-and^ft tfrodJon from tha 
inner portion of said coll electrode toward the outer portion of said con efectrods satfifloa tha following relationship 
on an assumption thai tha diameter of lha oaflelectafefad: 

0*Lfxd 

A ncnaquaoua-atetdmtr^e secondary battery according to deun 1, wherein 

said negathra-aiactrode met contains a nagatfce^Iectrode material and a binder: 

A nonaquecvs-slectoSyte sacDndary battery according lo datm 4, wherein 

said nagattra-okMrirode rreterteJ to et teesions type material selected from s group consisting of a crystalline • 
^ wrt an arnorphous metal oxide which permit doptog^fedoplng Rthtum Ions. 

». A nonaquoova^lectrotyte secondary battery according to datm 1, wherein eekl poslUve^ectrode ml* contains a 
poahlve^ecttoes material, a conductive material and a bhdar. 

7. A nonaoAwoos^fsciroVa secondary battery aocordtag to daJra 6. wherein 

said pceJtfve-eluJiurfe material te al leant one typo material selected from a group consisting oHJMOn (where 
M b at Mast any one of Co. Nl, Mn. Fe. Al, Vend 71) and Interiayer compounds each containing Li. 
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8, A nona<iuaoufl-«*ct^lyu> secondary battery eooordhg to cWm 1. wherein 

said separator Is made of at least one type material seJedad from a group consisting of poJyottyteno and 
polypropylene. 

a. A ponaa^eoua-elBclroJyte secondary battery aasordlng to dalm 1, wherein 

said paa&rvo^ectrodo co Hector b male of si least one type material selected from a group consisting or 
aluminum, stainless eiaal and nfctal. 

10. A nonoquoous-alacirolyie secondary tetteryaccortlng todalm l.vheteto 

said negaDvMtectnsda collector Is made of at toast one type, material selected from a group consisting of 
copper, stamftss steel and nJdmL, 

11. A r^naqudous-eladrolyte secondary battery accordlfig to claim 1, wheieki 

eaM noABOjueoue-decOoJyie secondary battery contains a nonaqueous aJaekraryta prepared by tftisoMng an 
etactrofyte In nonaqueous solvent, and 

said nonaqueous entvant la made of at feast one type material ejected frcm a group consisting of propylene 
carbonate, ewyf ana carbonate, 1 , 2-dfrnethoacyHthano, 1,2-dlBmoxyothane, oletrr/cBrtwate^uryrolwto^, 
telrahydrofuran. 1,3-dkwlana, 4-m ethyl- I, 3-dloxolene, dieU^ether, sulfolanB, moffvyteuffolarrt. acatonnrfle 
end propiotiflnla. 

12. A nonaqueoue-elecinjiyte saonndajy battery according to claim 11, wh&rem 

eald electrolyte is at least one type material selected from a group consisting of UCIO4. UAsF fl , UPF^ LlEtF 4 , 
UB^^^, UQ, LEr. and LEO^CF, 

PaCentansprifehe 

1. Sabiridarbflttene mlt nkaswSrarfgarri EtoWrorytan. umrassand: • 

elnen Efekuodenwlckel ertwKen durch Lemlnfaran airier lanipwratrecttan posttfven Dtktrodo, be] der auf zu» 
mlndesl elner dor HauprUchen elnes poeltiven ElektrodenkdlektDie elne Sennit afaier postoVen EJeWroden- 
mfcchunfl s^^«tra^Bn 1st.' and eirar ttngiert tr a cJ den negattVen Elektrode, bsl der auf zumtnd wt elner der 
Hauptflfichan etnaa nagHttw^n BeWrodenkDiakinre fibnn negative ElaMrttf enmJschu ng aufgatragen 1st, wobal 
daa Lamlnoi In derVYefse gewlcfceft Est, dass die posfthre Bektrode an oareuOeren Selte dea BetctrodarnMckels 
hagt,wooei 

die Schlcht der posttfven Etekuodenmfachung nur en eaiar Stafle, <±ta an dee auflsre Ende dot posttfven Bak- 
trode angran&t und/ooty an etoer 5teDe T <8e an das Itrara Enda der posfuven HokUuda angrenzt. auf elne 
dor Hauptffechen dee KoUektors aufgetregen 1st und euf dem fiufleren Enda der poslrhran Efeldrode die 
SehfcM der posftiven Bnktrodennibchung nfcht but den posrHven EleldrodankotlaktDr aufgatragen 1st also 
nur der KoioJdor der posltfven Bekbude vorilegt, 

em auOeren Ende der negetrven Elektrode die Scfilcht aus der negatfven Elektrooenmlschung nlcht euf den 
KoJlekbrdar neflattvan EtaWrodo aufgetrasan 1st, also nur dar KoUeMor der negaliVerl Beldrode varilegt, und 
wobel In RJchtung warn Innaran AbschnRt der g rj w fcfco Hon Qaldrode zum euOeren AbschnRt der gewfcketten 
Elektrode oesehen dee am flufleren Ende der nogatrven Elektrode uegendo auftare Ende dee negaoVen Elek- 
trodenfcollekton welter vome engeordnct 1st ats daa ftufiera Enda des KoOettere der posruVen Elektrode. 

2. Sekiindarbatiarie mft nJchVwtoriaern Elektroryten nech Anspmch 1, wobel 

der EteWrodenwidceJ etnen Anschluss tor die negatlva Efektroda aurwafail, der an das auOare Ende dee em 
Huttaren Ende der negaUven Elektrode Vegenden nagatlven EleldfodeokoUektore ensehllefU, und 
der Anscrtes der negedven Elektrode wener vome Uegt els das fiu&tre Ende des am duAeren Ends der 
posfoven Elektrode aegenoen posraven Eisidrodertkouekiori. 

3. Sekunoarbattarfg mlt racfifr^rflaarigem EteMrolyien nach Angpruch 1, wobel 

dar ElakbiidafiwlckBf ao geaiahet bt, dees e*n Ab&iand L zeUeonen dem iufteren Ende des em auOeren 
Ende der negatfven Elektrode Bngeordnefen nogarvan EtektroderikoQeMoni und dem dufteren Ende des em Su- 
fteren Ende der pceRrvcn BeMrode engeordneten postttven EbtanxjantaAaktore, wobel dleee In Langancntung 
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van dem fnnaraa AhfiChnltt dee ElaWiwfeAwfdcete wm fiu&eran Abeennltt flea EteMfQtfftnWiCkrtg Wnlarelrisnder 
enffaordrtet smd.dla fofgande Beztahung «f Qlrt, untorderAnnahms, tfassdarDurchm«ss«rdw SaMntfarwrtofcels 

d entfiprfchfc 

0<L£xdL 

Sekunrf&batofte mil nicM^wSssHgam ^faktrplytan nsch Anspnjch 1, wooaJ 

die negative Etofctnodenmischuno Material tor die negative Etektrarfe und ain Bindemlttel umfasaL 

SflJcundirbattorl* mil rtcM-urfittrifjam ^ieklnjfyten nach Anapruch 4, woboJ 

da* Malarial dar negative* Elektrode zumbidest elna Art von Malarial 1st d» ausgewahrt 1st aus otrwtf GrUp- 
pe, weJcJie beater* bus elnem krlstalUnon Mataltoxid und a mem amomhen MatajJoaJd, wsfche das Debarefi und 
DadoHamn von LHWumtanan ermogUchen. 

SeMjndBrbatterla mlt nlt^d-wtuunlgam £1« wreiytan nach Anspruch 1, wobal die positive ^fcrodertmfecnung ain 
MHlartBl fflr die poaillve Bettrodo. a In lenYirtfgas Material und aih Blndemrttel urnfaast 



Selamdar&attarta mil recW^waewlgem Bektrofyten nacn Anapruch 6, wobel 

das positive EletinxJenmaterial rurtum»« t elna Art von Material umfasai. das ausgawanlt lai aus einer Grup- 
pc, welcha bus LtMOj (wobel M 2umJndasi etnas lit von Co. Ni, Mn, Fa, At, V und 71} und Bnlaganjnoflvarbkxtunoon 
twaiflhi, walcho Jewells u anftaJtan, 

SekundflrbaHerfe mft nttntweearigem EJeWror/ten nach Anapruch 1 , wobei 

der Separator aus zumind est sinam derMe tortatten hergestailt 1st, welcha eusgewflhll afnd aus Dinar Grappa, 
bastehand bus Potyethyton und Potypropytan. 

Sakundarbatterie mil nkhV-wewlnorn EtoktroJytan nach Anspruch 1 , wbel 

der poalBva Etoktrocenkoltektaraufl 2urn]nde»l elnem der Meterfaflen hergeetoB bl, die ausoawahJt alnd aus 
afnar Gruppo, beateftand aus AHimWum, ros&Yetem Gtahf und Nickel. 



55 



10. Sakundflroatredo mil nteM^serinem Bektreiytart nach Anapruch 1. wobel 

dar negative Elakirodankoiloktor aus ajnandaat qlnem dar Matarlallan herueetaiit fat dlo am^wwahii alnd 
aus afnar Gruppo, bestehend aus Kupfar. rosarou-m Stahl und Nicker. 

11 . Sofcindartrattarte rrat nichhwtaftgam Bafctrafytan nach Anspruch 1 . wobal 

dlese alnan ntat-wsaarigen EtefctfoVten erdhelt, der hirgtstaM 1st dun* Lfiaen efces Etekbafytan in atom 
nlchi-w*««dgan Lowingsmtlal, und 

das nfctrtsvaaariga Lteungimittef zumindaet eue alnam dar Malarieflen hergeatalltlsl, weJcna auagewSNtsind 
aus alnar Gruppo, beaiehend aus PropytencirbonaL Ethytencarbonat. 1^-Dknathoxyeuian, 
1,2-OieAoayelnan, Otethyicartionat, ^Butyrobcton, TeuahyoYofuran, I^OIoMafan, 4<M«thyf-1^Kfiaxxilan, 
Dlethyiathar. SuHolan, Mathylau Man, Acaionitrfl und PropIonlbfL 

12. dakunoatbaltBrle mtt NcMwfesifcem ElaWroryten nach Anapruch 11, wobel 

dar BakboM zumTndast ainaa dar MatenaUan at. dta ausaewahlt slnd aus alnar Gruppa, beatahand bus 
U0tO 4 , UAaFft. UPPj. Ufl^ UBiCsH*)*. LiCl. UBr. U5Q,CHa und USO,CF y 

RevendlcaUona 

1. Accurnulataur saoDndalra a a^actroJyla nan aquew comprgnenl : 



i an bohjng formdo en straBHanf una tiactroca poalUve aHongee qui pfasantB ima coucha da 
malangB d T a(ecboda poslbva ronnae aur au mobia rune das surfaces prtncfpslaa tfUn collacbjur oTeiecaxsda 
poaWva al una aladrooa na^atlva aDongea qui praaanta una aoucha da melange d*alactrode negaaVa fbimaa 
tur au morns rune das surfacaa princfpah» d*un coDactaur d'electrode neaeava at en anreuumt un etrailna 
forme da teCe scne que lada* elactroda posfbva est dispose* aur fai ppgltiori e^ulnaura rfe ted Re e*«trodB en 
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boblne, dsns (equal 

Jadtt* eouche do metatiDo d'dlaclrode pos wva est fernee but uniquement fune don surtfcces prlndnales dudrt 
coflectaur ft (a position eo>cBnta da rexfreinlte exbSrieiire do tadlte etarinide positive oVou a ta poctton ad- 
jacente d9 rextremtte tmsrlsuro do ladHa atectrode positive, latfte couch* do melanga doJaotxode posruve 
n'esl pas formes sur ladtt colteelAur tfelectroda pcarttva a raxV6mlte axiiirieure do tstflte electntfe positfvo el 
soul ladli eoltecteur electrode posttfve est terms, 

Isdlto coucho da meianoe <f elactrode negative n'ast pas formee our JedU coUadeur tfStetfrode negative a 
raxtrtmtta exterteuro do lad I to electrode negative ct soul tedft coHecteur tfJlectrode n6gatrve oat forms, ot 
('extremita extSTtaure diidrtcHitactaurrfofactrode negative dispose* a l"extrGJTrte axtartoure do [adtte eleclnxte 
noffaflva aa trouva, dans la dlrotfton aflantda la parti* interne do tadtta eJectrodO en tmbino vort b parts 
axtama da lad I to ©Jecftodo on hobfno, dispose© pfua an avant quo roxtremftt oxteries** dudh ccilecteur d'elec- 



2. Accumubteur secondarre a efegfrDrytB non aqueux sskan la revondlcoUon 1. dsns toque) 

ladfto elsctrode en bobine tncntporo un conducteur d'etoctroco ndgaUva adjacent & una oxUamtfa extanauni 
dodtl cOflacteur tf 6tec!roda negative dtepaee a I'ejdWrrrite oxnMeuro do UjoTte ejectrode nega&VS, Si 
ladll conducteur d'eiectrode negative efcl dispose plus on ova nt da rexfnknttB axterieura dudrt cofloctwr d'eteo- 
irode posiOva dlspoEa a roxtramiie oxtoVteure do ladtto etectroda poshlva. 

3. Accumulate ur secortfcUre a elootror/ie non aquoux salon Ja reventficaiion 1. dans Isquol 

ladila tieotrods on bobfne presente una structure tolls quo Is distance L da rextrtmtt* exJerieuro dudU coh 
laclaur cTaUKdrede negative dispose a I'extremfte eXtariaure do ledlte electrode negalhra Jimqi/a roxtramite OXtO- 
rleure dudK oaHaciBtr d'electroda postoYe dispose a textramna ajdarteure do tadite electrode pcemve qui eonl 
disposes dsns una direction InngJtudlnaJa aflanfl da fa petite (Memo d© Ia4la electrode en frOoJne VSfS IS parti* 
extern* do ladlto electrode en bobtno sallsfaK la relation autvanla an supoosant quo k> dlametra da reledroda on 
id: 



0«L5*d 

4. AoBurmnataur seeandalre a Sisctroiyto non aquoux salon la ravendicatioh 1 4 dans ioquot 

ladll motanoe d'etectn^de negative conbent un matanau d'ataotrodo nogatfvo ot un ftom, 

5. Accumulateur aaoondatro 6 alatfiulyte non aquatDC sakm Is revendtcstlon 4, dsns Isquol 

tedlt materiau d'oledrode nooaOwo est On material d'au mains un typo ohotel paml un oxyds mettJIIqus 
cdslnWn at un oxyda matalllqutt emocpno qui psfmot Is dopaoa/osdopaga d'lana UtMum. 

Accumulatcur aecondafte a dtsotraryto non equeux sefton la ravontfcaUon i , dans Januel 

ledtt moianga tfelectnida posJoVa conSonl un matfidau fToJoofanodB posUTvo, un materteu conductaur at un 



7. Accumulataur seDondalra a etactrofyt* non aquoux salon Fa rsvsndlcsdon 6, dsns Isquol 

bolt matarlau tfelactrodo poafUva est un maldriau ifau mofna un typ* choisf pAmll LiMO^ (OO M est run 
quetconque parml Co, Nl, Mn, Fs, Al, V ot TT) ot dos composes do coucha InlermedUiIre eonionanf chacun LL 

6. Accumu tatour sacondabo a electrolyte non equeux seJon la rwoodfcatfpn 1 , dan a laqua! 

lad It saparataur est oDnatibja d'un mateVfau d*ou molns un typa chotel paiml Ja potyetnyttno at la polypropy- 

Isno. 

9. Aocumulalour aaoDndalra a oJacfaoryto non aquoux talon la rovandicatiort 1 , dsns Isquol 

I edit collactaur d'AIectroda poattrve beI oDnatttua (fun matariau (fau moms un typo diolsl panni rafUmlnhan,, 
PaciaT onkyisable ot la n fcfcaL 

10. Accumubtour socondairo a otoctroiyio non aquoux eoton ta revondoaiion l, dans loquoi 

tod* coUacteur dtalactnada nagativa est oonstituB d'un malanau d'au motna un type chow parmi la cuivra. 
radar SioxydaWa at la nrckaL 
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11. A^cumuiBtENir wcontefre a tfectroJyte non aqutux talon b revendfeafflon 1, dans toque! 

tedU accumulates sacondafra a aludrtiyte nan equeux oonUent un eJactrotyt a run actual* prapart par dla- 
solution dVn eloctoiyfs dona un aoteant non aquaux, at 
5 ledn aotan! ran aquau* oal oonattija <fun malerfau d*au molna un type ctabJ pa/ml la carbonate da propyttna, 

Ib cartionai© tfaihyicFie. to i .2-dfnfidthoxy«fhane f (a 1 ^dJethoxydihana, bt cartaonata da diethyl*, fer^ 1 /™- 
toctona. to ttfraftydnAjrana, la I.Whwolani, la 4-m4ttiyl-1 f ^dk»oiara, la dKlhytauw. la autTofana. la m*- 
itotauabajfiD . I'acatonlWa af la propJoiiiiriia. 

fp 12. AoaimufalBur BeoqndofrB a ttectrolyta hon oquaux Baton la lavandlcaUon 11, dan* laqual 

todft etectrotyta oat un matanau <fsu molns un type dwla) panrt U00 4 , UAiF 0 . Upf 0j libf^ UB(C ft H a ) 4J 
liCI. LET, U$QjCHj ot LiSOaCFg. 
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